Porous hydroxyapatite was prepared in order to be used as a drug carrier and promote bone ingrowth. For this purpose, the microstructure should have interconnective pores and micro as well as macro porosity, for bone cell adhesion and bone ingrowth. The porous hydroxyapatite prepared by the burn-out method exhibits all these features. For measuring porosity, SEM analysis, mercury intrusion porosimetry and BET were used. FT-IR and XRD analysis revealed that only hydroxyapatite phase was present, being this result similar to the one found for dense samples. The morphology obtained appears to be well adapted to bone growth and drug adsorption.
Introduction
Periodontitis is an oral disease that ultimately promotes bone loss [1, 2] . Current systemic approach leads to the use of very high dosages of antibiotics, that may induce drug resistance and eventually be present locally in an amount lower than the minimum inhibitory concentration (MIC) [3] [4] . In order to obtain maximized local drug delivery, the surface area should be as high as possible to provide accommodation for large content of drugs. This kind of structure can be obtained either by use of granules or porous materials [5] . As periodontitis in its most severe form produces bone loss, the search for an osteoconductive implant material is fundamental. In the case of porous materials, the osteocondution may be favorable or not, depending on pore type, size and distribution [6] [7] [8] . The ongoing search for a porous bioactive material, with adequate mechanical properties, high surface to volume ratio, and desirable porosity to induce bone in-growth led to the optimisation of the production method of porous hydroxyapatite (HA). Hydroxyapatite is a well studied bioceramic widely used as an implant [9] , and extensively studied in its porous form [8, 10] . The high surface area achieved by this burn-out method allows increased amounts of drug to be adsorbed onto the surface for local release. Porous HA samples with dimensions of approximately 10x10x15 mm were obtained by immersing a polyurethane (PU) sponge in a slurry at 50 ºC. The slurry was obtained by mixing, at 50 ºC, commercially pure HA (Plasma Biotal, P-120), water and a tensioactive agent (LM3 commercial detergent). After immersion, the PU sponge was Title of Publication (to be inserted by the publisher) 359 removed by the burn-out method using the following burn-out/sintering cycle (figure 1). Several HA (g):Water (ml):tensioactive agent (ml) ratios were tested. The best results were obtained with the 6:6:0.2 ratio. Structural surface characterisation was performed on samples using Scanning electron microscopy (SEM). Fourier transformed infrared spectroscopy (FT-IR), using the split pea accessory and X-ray diffraction (XRD) analysis were used. These analysis techniques were carried out in order to evaluate possible surface chemical modifications induced by the use of both tensioactive agent and polyurethane sponge. In order to characterise macroporosity and actual surface area, mercury porosimetry (Micromeritics Mercury Intrusion Porosimeter, PoreSizer 9320) and BET (Brunauer-Emmett-Teller) measurements were carried out. Compressive strength assays were also performed in a Lloyd LR 30 K tension machine with a load of 5 KN, as described elsewhere [11] Results and Discussion FT-IR results for HA showed the specific peeks for the phosphate (1086, 96, 598, 563 and 465 cm -1 ) and hydroxyl (626 cm -1 ) groups for HA (see Fig. 2 ). XRD results ( figure 3) show the presence of hydroxyapatite, not being different from the hydroxyapatite detected on dense samples [12] , similar results were drawn from FT-IR. SEM observations revealed an interconnective macroporous structure (figure 4a), but also microporosity was present (figure 4b). This kind of structure is considered to be adequate, as the macroporosity induces osteoinduction and the microporosity allows improved cell adhesion [8] . These results were corroborated by the mercury intrusion porosimetry where it can be seen that pores are present ranging for 100 to 1 µm ( figure 5) , where the majority of pores occurs for 1 µm diameter. From this technique it was also concluded that the porosity should be of approximately 15 %. However, samples revealed 0.8476 gcm -3 apparent density, that when compared to 2.97 gcm -3 for dense samples (Arquimedes method), show a significant difference. From these results it can be inferred that the porosity of the produced samples is approximately 73%, instead of the 15% given by mercury intrusion porosimetry . The difference between these figures, should be accounted by the presence of interconnected macroporosity, being 15 % the approximate value attributed to the microporosity. In fact, SEM analysis produced results leading to the confirmation of this idea, as larger pore size of 150-400 µm were found. In order to evaluate the actual surface area, BET measurements were made, and a value of 1.5 m 2 /g was obtained. Compressive strength results (data not shown) indicated that the porous HA samples present adequate mechanical strength for manipulation and shaping during surgery and implantation [11] .
Materials and Methods

Conclusions
With the applied technique for production of porous materials, the results revealed the possibility of obtaining interconnective pores with fully reproducible results. FT-IR and XRD analysis revealed that no chemical modification has occurred during processing and burn-out of the PU sponge. Mercury intrusion porosimetry, BET and SEM revealed the presence of micro and macroporosity, adequate for cell adhesion, bone ingrowth and vascularisation. The high surface area of this material makes it a good candidate as drug delivery agent.
